Purpose Studies have shown that up to 25 % of TKA patients are dissatisfied with the implanted knee, even if registry data shows ten-year revision rates below 5 %. It has been the question of our study, if it would be possible to identify those patients at risk for dissatisfaction pre-operatively. Methods The data of 1,121 consecutive TKA patients with a follow-up between one and six years have been analysed retrospectively. Demographic, radiologic and perioperative variables have been recorded and all patients were asked by questionnaire for satisfaction with the implanted knee. Logistic regression models have been used to identify significant risk factors. Results The data of 996 patients (89 %) were complete, 849 (85.2 %) reported satisfaction and 147 (14.8 %) dissatisfaction. Patients' satisfaction was independent of the time after operation (p=0.285). The only factor which influenced patients' satisfaction was the osteoarthritic severity. In comparison to severe arthritis Kellgren Lawrence IV°, the risk for dissatisfaction was 2.556-fold elevated for arthritis grade III°(p<0.001) and 2.956-fold higher for grade II°(p=0.001). Conclusions Patients suffering from mild or moderate osteoarthritis are at risk for dissatisfaction after TKA. The TKA indication in those patients should therefore be critically proven. Furthermore, to adjust patients' expectations, the elevated dissatisfaction risk in case of mild or moderate osteoarthritis should be included into patients' pre-operative information.
Introduction
Total knee arthroplasty (TKA) has revolutionized the care of severe arthritis of the knee joint [1] . Registry data show excellent implant survival with ten-year revision rates around 5 %. However, there is a well-known difference between patients' satisfaction and measured clinical outcome in TKA [2] [3] [4] [5] [6] . Recent studies have demonstrated that, contrary to hip arthroplasty patients, up to 25 % of the TKA patients are dissatisfied with the implanted total knee [1, [7] [8] [9] . A pre-operative identification of patients at risk would be very helpful to critically prove the indications for TKA and to inform patients about a potential inferior outcome. So far only a few studies have been undertaken to investigate if pre-operative risk factors for postoperative dissatisfaction exist [3, 7, 8, [10] [11] [12] [13] [14] [15] . Studies in the United States indicated that in one of six TKA patients, prostheses have been implanted before development of severe arthritis [16, 17] . It was our hypothesis that those patients suffering from mild or moderate osteoarthritis, as well as young patients, might be at risk of dissatisfaction with the implanted TKA. Therefore, it was the question of our study, if it would be possible to identify patients at risk for dissatisfaction after TKA by pre-operative, patient-specific factors.
Material and methods
In the authors' clinic, the data of all primary total knee arthroplasties between January 2006 and December 2010 were analysed retrospectively. Exclusion criteria were the implantation of primary hinged prostheses and those with an antiallergic ceramic coating. The remaining 1,121 prostheses have been included in our study. To allow for a minimum follow up of one year, data collection was performed in December 2011. 
3.
Radiologic data: Long-leg X-rays before and after operation were analysed and the pre-and postoperative mechanical leg axis were measured. Furthermore, the pre-operative radiographic severities according to the Kellgren-Lawrence (K/L) criteria [18] were recorded. The radiologic data were available in 938 cases (84 %).
All patients were asked by questionnaire for general satisfaction with the implanted knee prosthesis as described in the literature [1, 2, 15] . The possible answers included five graduate answers: (1) completely satisfied, (2) partially satisfied, (3) neutral, (4) partially unsatisfied, (5) completely unsatisfied. Those data were complete in 996 patients (89 %). For statistical analysis, answers (1)-(3) have been grouped as "satisfied/neutral", answers (4)- (5) as "unsatisfied".
Statistics
Variables were compared using the Student's t-test or chisquared test with a significance level of α <0.1. Those factors showing significant differences have been included into logistic regression models for further analysis. The forward stepwise algorithm as well as the Wald statistic was used with a significance level of α<0.05. For statistical calculations the SPSS 21 for Mac software (IBM, NY) was used.
Results
The mean follow up was 2.8 years, ranging from one to six years. Cumulative revision rate averaged 3 % (n=32). As published before, Cox proportional hazard models identified "younger age" (p<0.001) and "conventional jig technique" (p=0.012) as risk factors for revision [19] . Analysis showed that 85.2 % (n=849) of the patients reported "satisfied or neutral" with the implanted knee joint, whereas 14.8 % (n= 147) were dissatisfied with the implanted knee joint. No significant correlation between time period after operation and satisfaction was detected (Fig. 1, p=0 .285). Table 1 shows univariate analysis of patients' satisfaction and preoperative variables, radiologic variables and perioperative variables. The criteria "age of the patient" and "pre-operative arthritis level" were identified as those which influenced patients' satisfaction significantly. Therefore these two were included in logistic regression models. These statistic calculations showed that the criterion "age" lost it's significant influence (p=0.526, odds ratio 0.993, 95%CI 0.974-1.014). By contrast, the factor "severity of arthritis" kept its significant influence, i.e. in comparison to severe osteoarthritis Kellgren-Lawrence grade IV, the risk for dissatisfaction was 2.556-fold elevated for arthritis grade III°and 2.956-fold higher for grade II°(p<0.001, p=0.001; Table 2 ).
Discussion
There are two different approaches to evaluate the success of total knee prostheses. The first approach is with physician-derived measurements, such as revision rates or function scores. The second way is questioning patient's subjective satisfaction with the implanted total knee. Numerous studies focused on function scores and revision rates after TKA, indicating that TKA is a highly effective and cost-efficient treatment of knee arthritis. However, different studies indicate a substantial discrepancy between measured scores such as revision rates or function on the one hand and patient's satisfaction with the operation on the other [2] [3] [4] [5] .
In our study population we detected a mean cumulative revision rate of 3 % after 2.8 years [19] . Those data are comparable to the well-known arthroplasty registers, e.g. the Swedish knee register showed an average revision rate of 2. 5-3 % after three years and the Australian register circa 2. 8 % after three years. However, our survey of patients' satisfaction with the implanted TKA resulted in an alarming rate of 14.8 % unsatisfied or very unsatisfied patients. Some other studies focused on patients' satisfaction after TKA. Robertsson et al. [20] Gandhi found 25 % dissatisfied [22] . Different authors compared satisfaction rates after TKA and total hip arthroplasty, whereby all studies found significantly higher satisfaction rates for patients with hip prostheses between 88 % and 91 %, indicating the specific high number of unsatisfied patients after TKA [1, 7, 23] . To summarize, the number of unsatisfied patients in our study as well as the published literature lies between 7 % and 25 % and contrasts the low revision rates after TKA. It has been the question of our study, if there are specific patients at risk for dissatisfaction, which could be identified by demographic, radiologic or perioperative factors. It would be essential to identify those patients before operation [1, 7] -the patient could be informed about the higher probability of dissatisfaction and the indication for operation could be critically proven. We hypothesized that "young age" and "mild osteoarthritis" might be risk factors for dissatisfaction. Indeed, our statistical analyses showed a highly significant influence of the radiologic arthritis severity on patients' satisfaction; in comparison to those patients with a K/L grade IV, the risk for dissatisfaction was three-fold higher for those with a K/L grade II and 2.6-fold higher for patients with a K/L grade III. It is common sense that the classic indication to implant a TKA is the end stage arthritis K/L grade IV. However, the individual indication is a complex one that includes not only radiologic criteria, but involves multiple factors [16] , e.g. a high symptom intensity and duration, severe functional loss, distorted ligamentous integrity and bad response to previous therapies may indicate a TKA even if the radiologic osteoarthritis severity is below K/L grade IV. In our study, only 54 % of the patients suffered from arthritis K/L grade IV, while 36 % had K/L grade III and the remaining 10 % grades I and II. In other words, in 10 % of the patients a total knee was implanted in spite of low arthritis severity. In those patients below K/L grade IV, other reasons besides the radiologic aspect of the knee influenced the indication to implant a TKA. Riddle et al. [16] analysed the extent of tibiofemoral arthritis in US patients and reported similar findings such that in 19 % of the patients a TKAwas implanted with a K/L grade I or II. Similarly, Wise et al. reported 17 % of the TKA patients with a K/L grade below III [17] . Those authors suggest that for approximately one in six patients in the United States, TKA is being performed before the development of moderate or severe knee osteoarthritis. Our study shows similar data for Europe. This finding is especially remarkable as our study indicates those patients without severe osteoarthritis being at risk for postoperative dissatisfaction. Besides radiologic criteria, multiple demographic and perioperative factors have been included in our statistical analysis. It has been our hypothesis that low osteoarthritis severity and young age predicted dissatisfaction after TKA. However, besides osteoarthritis severity none of those demographic or operative factors influenced patients' satisfaction in our study in a significant way.
The question, if dissatisfaction could be predicted before operation, has been addressed in some other studies [3, 7, 8, [10] [11] [12] [13] [14] [15] . However, to the best of our knowledge, only few included radiologic criteria. Merle-Vincent et al. [11] analyzed a two-year follow up of 264 patients and found a significantly lower satisfaction rate for those with mild or moderate osteoarthritis, obesity, depression and age below 70 years. Valdes et al. analyzed 860 TKAs with a mean follow up of three years [12] . Similarly, they identified lower osteoarthritis severity as a risk factor for postoperative dissatisfaction. Besides radiologic criteria, depression, higher BMI, younger age and female gender were associated with higher postoperative dissatisfaction rates. A recently published study compared the pre-operative osteoarthritis severity in four cohorts with and without persisting pain after TKA [24] . In the cohort with persisting pain, the rate of patients with pre-operative early grade osteoarthritis averaged 49 %, while only 5-10 % of the patients without persistent pain suffered from low-grade osteoarthritis before operation. Two other studies analyzed TKA patients' functional outcome and pre-operative osteoarthritis severity. Cushnaghan et al. [14] performed a matched pair analysis of 325 patients and analyzed the six-year postoperative functional status. They found greater improvement in physical function for patients with severe osteoarthritis and those without pain in other joints. Contrary to the above cited studies, they found no influence of patients' BMI or age. However, patients' satisfaction has not been asked for. Similarly, Meding et al. analyzed the relationship of osteoarthritis severity and postoperative pain and function in 1,888 patients with a mean follow up of 2.5 years [25] . Their results contrast ours and the above-cited studies in that pain and function were independent of the pre-operative osteoarthritis severity. However, they found better functional improvement in those patients suffering from severe osteoarthritis. To summarize, the factor "low osteoarthritis severity" has been identified in our analysis and in four of five studies as an independent risk factor for dissatisfaction. The analysis of demographic factors such as BMI, age and gender revealed conflicting results.
Our study has some limitations. At first we used a retrospective study design. However, we included a consecutive series of 1,121 patients with an adequate follow-up rate of 89 %. Next, patients' satisfaction was measured at different time points between one and six years after operation. To evaluate the influence of time after operation on the satisfaction rate, we performed a correlation analysis. Statistical analysis showed no influence of "time after operation" on satisfaction rates. Different studies focused on that topic, for example, Robertsson et al. [20] reported on 27,372 TKAs with two-17 year follow up from the Swedish Knee register. They found patient satisfaction was remarkably constant in patients not requiring revision procedures for all follow-up periods. Similarly, Nilsdotter et al. [15] showed comparable satisfaction rates one and five years after operation. Finally, we did not use a functional score such as the Knee Society score or the Oxford knee score. On the one hand, this could be interpreted as a limitation of our study; on the other hand the aim of our study was the identification of patients dissatisfied with the implanted knee. The proven difference between functional scores and subjective satisfaction has already been mentioned above. So far, there is no gold standard to evaluate patients' satisfaction [3] . We therefore used a well-established questionnaire with five graduate answers as described in the literature [1, 2, 15] .
In conclusion, our study showed an elevated risk for dissatisfaction after TKA in cases of mild or moderate osteoarthritis severity. Our results confirm the few existing studies, which included radiologic criteria and patients' satisfaction. Those higher dissatisfaction rates are especially remarkable, as a substantial number of TKAs were implanted before development of severe osteoarthritis. The TKA indication in patients with mild or moderate osteoarthritis should therefore be critically proven. Furthermore, to adjust patients' expectations, the elevated dissatisfaction risk in cases of mild or moderate osteoarthritis should be included into patients' pre-operative information.
